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ABSTRACT
This paper analyzes the bolts and screws necessary to secure a certain wind turbine
design to a silo. The analysis is divided into two major segments. First is the determination of
maximum wind velocity and the resultant forces from the given wind conditions. The resultant
force is determined from the dynamic pressure caused by the wind velocity and the surface
area of the wind turbine blades. Second is carrying out the fatigue analysis to ensure the
chosen bolts and screws will not fail. This is done through the use of a Goodman line diagram.
In order for the fatigue design to be carried out, an initial bolt size had to be assumed and
then the calculations determined if the assumption was sufficient.
INTRODUCTION
The objective of this project is to design a wind turbine mounting system that will
mount onto the existing silo of a vertical axis wind turbine. This project will be used to assist
a current wind turbine senior design project. Some goals in meeting our objective are to
determine the best possible mounting design and to find the best type of brackets and bolts to
use. We will also do fatigue and stress analysis on all components.
This topic was chosen because of growing interest in renewable energy. One of the
most important parts about designing and building a structure is to make sure that it is safe
and that it is going to be durable and lasting. For this reason, the mounting bolts and brackets
are the things that need to be analyzed just as closely as the turbine performance itself. If the
structure failed people could be injured. There would also be a huge loss in money and
possible lawsuits. It is for these reasons it was decided to use methods that we learned in
class of design machine elements to carry out design and analysis.
Strength and fatigue design will both be used in the project. Different types of bolts will
be analyzed and values such as pitch, number of threads, diameter, length, and type of
material will be determined. Several possibilities for loads including torsional loads and axial
loads will be determined also.
METHODS
The forces acting on the wind turbine are calculated with the pressure created by the steel
mounting plate along the perimeter of the concrete silo. Equation 1 is used in these calculations.
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(1).
Where:
P - Pressure (lbf/in)
F - Force (lbf)
A - Area (in2 or ft2)
Since the wind turbine in this case will be subjected to a variation of loads over time it
is important to carry out a fatigue design. Fatigue failure results when a part undergoes a load
for a certain amount of time and eventually breaks or bends. In terms of the part, this is
referred to as the fatigue life or million life. The million life cycle strength can be calculated
from equation 2 below.
(2). 
Where:
Sn’ – RR Moore endurance limit
CL – Load factor
CG – Gradient factor
CS – Surface factor
CT – Temperature factor
CR – Reliability factor
The slope of the application line is given in equation 3 below:
(3).
Where:
σa – alternating stress
σm – mean stress
k – the slope of design application line
These equations are used to carry out the fatigue design. A Goodman line is most
commonly used when the mean stress is not equal to zero. It is known that the forces
produced by wind are never constant and always fluctuating. We can use this idea to make
the assumption that the mean stress over time is not equal to zero.
The entire mounting system is modeled as a cylinder connecting from a shaft in the
center as shown in Figure 1. This design does not show the cross members as it was first
determined that the current design provided enough structural support and may also be
cheaper to manufacture due to its simplicity.
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Figure 1. Mounting Base
The mounting base contains holes that are drilled all the way around in a pattern where
the bolts will attach that will be analyzed. Some things to consider when analyzing the bolts
will be the thread count and its pitch. Others will be the fatigue of the nut and bolt
combination. This analysis will be done as an axial load. Figure 2 shows the nut and bolt
assembly that will be considered. A critical piece of information in this design will be to
determine whether the nut or bolt will fail under normal operating conditions. All data related
to materials are from reference [1]. We have not yet determined what the bolt and thread size
will be, but we will make initial assumption and determine if the assumption will be
sufficient through calculation. With this information we can carry out the fatigue analysis.
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Figure 2. Nut and Bolt Assembly
RESULTS
The maximum wind force acting on the wind turbine can be found by the 
following derivation:
(4).
(5).
Substituting (5) into (4), we have the following equation
(6).
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In equations (4) – (6);
F – the applied force
P – the dynamic pressure
A – the cross-sectional area of the turbine blade
ρ – the density of air
V – the wind velocity
gc – the USCS gravity constant
(7).
Due to moments created by the wind the sum of moments about the pivot point of the
blades will equal 0 and each bolt will experience a force of F/2:
(8).
Next Grade 2 is used for bolts. The bolt force is used in the calculation as follows:
(9).
(10).
(11).
In equation (9), Sy is the yielding strength of the bolt material.
A safety factor (SF) of 4 is used in the design calculations according to [1]:
(12).
(13).
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(14).
The bolt diameter is rounded to 7/8”. Now that we know how big our bolt size will be,
the next step is to make sure that the bolts will not fail for the million-life cycle requirement.
(15).
(16).
(17).
(18).
With the above information we can now construct the Goodman line as shown in figure 3.
Figure 3. Goodman Diagram
From figure 3, σa = 25 ksi. From [1], we have
(19).
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(20).
CONCLUSION
The above calculations show that the applied load is well within the fatigue analysis
parameters. This means that under normal conditions we will not have to be concerned with
the bolts failing and causing structural damage. We applied a factory of safety of four for
several reasons. The first is weather. The state of South Dakota has been known to receive
some severe tornados. We want to take this into account so that even under severe weather
the design will not fail. The second is that there are many unknown variables in this design.
The wind conditions at any given moment are very unpredictable. The unpredictability of the
wind can cause unpredictable stresses. When there are unpredictable forces and stresses
involved in a design it is good practice to use a safety factor of four.
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